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(54)Tltle: INDEPENI»n* VOLUME CONTROL FC» MULTInSYSTCM RADIO TELEPHONE 
(57) Abstract 

A muM-system ladio telepbone (10) openMe in at 
least firtt and second radio communication systems in- 
cludes an appualus nrmiring a method for controlling au- 
dio output volume leveb of die rKtio telqphoiie. Accocd- 
ing to one embodiment, a raidti-syslem ladio telepbOK 
is operable in a conventiomd analog cellular system (30) 
and a conventiooal local coidless system (12). Hie multi- 
system radio idepbone includes two distinct memofy areas 
(S4, 86) for storing repcesentations of volume levels for 
each of die respective radio commutticatioa systems. After 
the radio t el ep ho ne detennines wfakA ndia emmm^twm 
system (cellular or cocdless) win be used for a pattkolar 
radio communication session, the M i MpuKling memoiy 
area is read to detemiine a defindt volume level for ttmt 
radio communication system. Hie spednr (44) is dien set 
to diat paiticnlar vohmK levd. Daring tfie coimnunication 
session die user is also able to modify die volume level 
duougb oonventiaQal inteiactlon with volume adjustment 
buttons (52, 54). If an indication for such a modification is 
detected, a icin e t e iaai i on of die new vofannc level b stored 
in the appropriate memoiy area in place of the old de&ult 
vohime levd representation^ and die speaker (44) is set lo 
die new de&ult vcriume level for that particular radio com- 
munication system. A visual representation of the volume 
level is also presented on die radio telepbone diqtlay (58X 
This independent voiuroe control method wQl provide the 
user widi nttomatic volume control whidi is sensitive to 
die typt of communication system being used during each 
com munirati o n session. 
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1 

INDEPENDENT VOLUME CONTROL FOR MULTI-SYSTEM RADIO 

TELEPHONE 

20 BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of radio telephones, and 
more specifically, to the Tidd of vohime control in multi-system radio telq>hones. 

A multi-system radio tdephone is a radio telephone capable of operation in 
two or more diflferent communication systems. As an example, one type ormulti- 

25 system radio telephone is capable of operating in the conventional analog cellular 
system as well as a local cordless system. Such a telephone typically searches first 
for a local cordless base station radio signal m a particular frequency range. If 
such a local base station radio signal is detected, it is assumed that the radio 
tdephone is within range (tn^de the coverage area) of a local cordless base station 

30 attached directly to a public switched teleptone network (PSTN) land line. 
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through which radio air time is typically free (or at least lower priced) to the user 
of the radio telephone. If the radio telephone is outside the local cordless coverage 
area, tlie radio telephone searches for a conventional cellular system radio signal. 
Thus, the multi-system radio telephone is capable of communicating in either a 
conventional analog cellular system or a conventional local cordless system. 

One proUem associated with raulti-system radio telepliones relates to 
volume control of the telephone audio output. The conventional process of 
controlling vohime for a multi-system radio telephone is particularly troublesome 
and inconvenient for a user. Typically, there is a difference in received signal 
levels between the two (e.g., cellular/cordless) radio communication systems. 
While cellular ^stem radio signals are often affected by changes in transmission 
distance and various types of interference, cordless system radio signals are also 
affected by the quality of the associated PSTN land line. Furthermore, as a radio 
telephone moves from one location to another, environmental background noise 
may render it necessary for the user to adjust the volume of the radio telephone 
audio output. 

The tyfrical multi-system radio telephone has a vohime adjustment 
mechainsm which allows the user to set and modify the volume level for a 
communication session. While this simple functionality may be adequate for 
single-system radio tdephones, it is a source of inconvenience for users of multi- 
system radio telephones. Because of the differences in received signal levels 
between different radio communicaUon systems, it of\en becomes necessary for the 
user to modify the volume level every time the mulli-syslem radio operates in a 
different radio communication system. If a user fails to remember to modify the 
volume when changing radio communication qrstems, the volume may be painfully 
high or so low that portions of a conversation are misunderstood or not perceived 
at all. Furthermore, because portable radio telephones are used in a variety of 
potentially hazardous situations, such as driving an automobile, it may often 
present in increased level of risk to require that user change volume levels for each 
change to a different radio communication system. 
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There is, therefore, a need in the industry Tor a method and an apparatus 
for addressing these and other related, and unrelated, problems. 

SUMMARY OF THE INVENTION 

S Briefly described, the present invention includes a method and an apparatus 

for a multi-system radio telephone operable4n at least first and second radio 
communication systems for controlling volume levels of the radio tdephone audio 
output. In its most preferred embodiment, as an example, the multi-system radio 
telephone is operable in a conventional analog cdhilar system and a conventional 
10 local cordless system. The multi-system radio tdephone inchides two distinct 
memory areas for storing representations of volume levds for each of the 
respective radio commurncation systems. Afler the radio tdephone determines 
which radio communication system (cdlular or cordless) will t>e used for a 
particular radio communication session, the corresponding memory area is read to 
IS determine a default vohime levd for that radio communication system. The audio 
output (through an tntemal ear speaker or remote external speaker) is then set to 
that particular volume levd. 

During the communication session the user is also able to modify the 
vohmie levd through conventional interaction with volume adjustment tnittons. If 
20 an imfication for such a modification is detected, the audio output is set to the new 
vohmne levd, and a representation of the new default vohime levd is stored in the 
appropriate memory area m place of the old ddault volume levd representation. 
Also, a visual representation of the volume levd is presented on the radio 
tdephone display. This independent vohime control metltod will provide the user 
25 with automatic volume control wbtdi is sensitive to the type of communication 
system \mng used during each communication session. 

It is, therefore, an object of the present inventicHi to provide an independent 
volume control method for a multi-system radio tdephone. 

AmHtier object of the |Hesent invention is to provide an independent 
30 volume control apparatus for a muhi-system radio tdephone. 
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Yet another object of the present invention is to provide a method for 
Storing in distinct memory areas representations of volume levels associated with 
multiple radio communication systems. 

Still another object oFthe present invention is to provide a multi-system 
radio telephone volume control method Tor determining which radio 
communication system is associated with a current communication session and 
responsivdy selecting an associated default volume level. 

Stilt another object of the present invention is to provide a multi-system 
radio telephone volume control method for monitoring a user input volume 
adjustment mechanism and responsively replacing representations of volume levels 
in distinct memory areas. 

Other objects, features and advantages of the present invention will become 
apparent upon reading and understanding the present specification, when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a block diagram representation of a multi-system radio telephone 
environment showing a multi-system radio telephone in alternate locations in 
accordance with the preferred embodiment of the present invention. 

FIG. 2 is a front view representation of the multi-system radio telephone of 

FIG. I. 

FIG. 3 is a block diagram representation of selected elements of the multi- 
system radio telephone of FIG. 1 . 

FIG. 4 is a flow chart representation of the method of the present 
invention, in accordance with the preferred embodiment of the present invention. 

nKT ^IKED DESCRIFTION OFTHE PREFERRED EMBODIMENT 
Referring now in greater detail to the drawings in which like numerals 
represent like components throughout the several views, FIG. I shows a multi- 
system radio tdephone 10 in alternate locations. In one instance, the multi-system 
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radio telq>hone 10 is shown located within a local cordless coverage area 12 
communicating through radio waves with a local cordless base station 1 8 which is 
shown located inside a user dwelling 20, such as a residence. In tlie manner of a 
conventional cordless telephone base station, the local cordless base station 18 is 
5 connected through a public switched telephone network (PSTN) land line 22 to the 
PSTN 24. In a second instance, the muhi-system radio telephone 10 is shown 
located outside the local cordless coverage area 12 but within a conventional 
cellular coverage area 30. A conventional cellular base station 32 is shown 
connected to the PSTN 24 through cellular land trunk 34 and shown 

10 conmiunicating through radio waves with the multi-system radio tdephone 10 in 

the second hfistance. According to one multi-system arrangement, the multi-system 
radio telephone 10 communicates with other users in the PSTN 24 through the 
local cordless base station 18 while located within the local cordless coverage area 
12. Otherwise, the multi-system radio telephone 10 communicates through the 

I S cellular base station 32 while located within remaining areas of the cellular 
coverage area 30. 

FIG. 2 shows a front view representation or the multi-system radio 
telephone 10. The appearance of the multi-system radio telephone 10 is very much 
the same as tlmt of a conventional cellular telephone. Extending through an outer 

20 casing 40 are speaker holes 42 wUch are k)cated in front ofaspeaka- 44 whichis 
located inmde the outer ca^ng 40, thus being represented in dotted Knes. 
Likewise, microphone holes 46 are shovm in front of internally located microphone 
48. Elements capable of receivh^ tactile user input are a keypad SO, up volume 
button 52, and down volume button 54. Finally, an antenna 56 protrudes from one 

25 end of the outer casing 40, and a c'tsplay 58 is shown above the keypad 50. 

FIG. 3 shows a block diagram representation of sdected dements of the 
multi-system radio telephone 10. Connected to the antenna 56 is a radio frequency 
/ intermediate frequency (RF/IF) drcuit 64 which is connected to a baseband 
controller circuit 66. The baseband controller drcuit 66 is connected to a speako- 

30 amplifier drcuit 70 which is connected to the qieaker 44. Also, though not shown. 
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the amplifier circuit 70 is connected to a jack Tor connection to an external 
speaker. The baseband controller circuit 66 is also connected to a microphone 
amplifier drcuit 72 which is connected to the microphone 48. A central processing 
unit (CPU) circuit 74 is also connected to the baseband controller circuit 66 and 

5 the RF/IF circuit 64. A memory resource 76 with a cordless memory area 84 and 
a celhilar memory area 86 (distinct meojpry areas for storing respective volume 
level representations) and an input/output (I/O) controller circuit 78 are also 
connected to the CPU circuit 74. The keypad 50 and display 58 are connected to 
the I/O controller circuit 78. Finally, up volume swilch 80 and down volume 

10 switch 82 (attached to buttons 52, 54 of FIG. 2) are shown also connected to 1/0 
controller circuit 78. 

In a typical manner, radio signals received by the antenna 56 are supplied 
to the RF/IF circuit 64 which, in general, provides duplexing, 
modulation/demodulation, filtering, gain control, transmit power control, 

1 5 firequency tuning and other associated functionality. Subsequently, resulting 
baseband signals are supplied to the basebaiui controller drcuit 66 which, in 
general, provides dectronic audio volume control, audio input/output switching, 
and other audio proces^g fiinctions, mcluding compressing, expanding, limiting, 
filtering, sunming and sdectivdy filtering dual tone multi-fiequency (DTMF) 

20 tones, supervisory audio (SAT) tones, signaling data, and wide band data. The 
speaker amplifier circuit 70 rccdves volume controlled audio signals fi^om the 
basd>and controller drcuit 70 which are used to drive the speaker 44 (or, 
ahemativdy, any externally connected speaker (not shown)). Convcrsdy, signals 
recdved by the microphone 48 are amplified by the microphone amplifier circuit 74 

25 before bring supplied to the baseband controller drcuit 66. 

Operations of both the RF/IF drcuit 64 and the baseband controller drcuit 
66 are directed by the CPU drcuit 74 which also interacts with the memory 76 and 
the I/O controller drcuit 78. The I/O conUoller drcuit 78 provides output to the 
display 58 for viewing by the user and recdves input from the keypad 50. Input is 

30 also recdved from the user through the switches 80, 82. Periodically, but very 
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frequently, the switches 80, 82 are checked for changes from thdr normal states. 
Thus, the buttons 52, 54 (FIG. 2) and switches 80, 82 function as vohime 
modification indicators generating volume modification indications in the form or 
switch movements. Afler an indication is detected, the CPU drcuit 74 instructs 
5 the baseband controlier circuit 66 to modify the speaker volume accordingly. The 
CPU circuit 74 also stores a representation of the new volume level in memory 76, 
as explained below. The structural and conventional operational details of each of 
the functional blocks of FIG. 3 would be readily understood by those reasonably 
skilled in the art after review of this disclosure. 

10 FIG. 4 shows a flow chart representation of the method of the present 

invention, in accordance with a preferred embodiment of the present invention. 
Referring to FIG. 4, as well as FIGS. 1 and 3 for a view of dements of the present 
invention, after beginning in step 100, the multi-system radio telephone 10 
determines in step 102 which radio communication ^stem (e.g., celhilar or 

1 5 cordless) will be used for a communication session. If the cordless qrstem 

(corresponduig to the local cordless base station 1 8 and PSTN land tine 22) is to 
be used, the CORDLESS branch of dedsion block 104 is folk>wed so that the 
cordless memory area 84 of memory 76 is read by the CPU drcuit 74 according to 
step 106. The contents of the memory areas 84, 86 are initialized with initial 

20 default values (each memory area 84, 86 containing a representation of a speaker 
volume level) during an iruttalization stage (not shown). Subsequently, as 
expl»ned below^ the default values are selectively updated. Through 
communication with the baseband controller circuit 66, the CPU circuit 74 effects 
a setting of the vohime Icvd of the audio output (through the speaker 44 or any 

25 externally connected speaker), as shown in step 1 08. Then, the switches 80, 82 
are monitored for vohime modification indications at stq> 110. If no indications 
are detected, the NO branch of decision block 1 1 2 directs operation to decision 
block 1 18 where operation is looped back to step 1 10 until the process is 
terminated at step 120. Otherwise, the YES branch of decision Mock 1 12 is taken 

30 to step 1 14 where the vohime level of the audio output is modified upward or 
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downward based upon the detected indication. Then, in step 1 16, a representation 
or the new volume level is stored in the cordless memory area 84 so that a new 
deTault vohime level for cordless radio communication is defined, and the new 
volume level is shown on display S8. Subsequently, operation loops back up to 
S step 110 as shown. 

If, on the other hand, the cellular system (corresponding to the cellular base 
station 32 and cellular land trunk 34) is to be used for a communication session, 
the CELLULAR branch of decision block 104 is followed so that the cellular 
memory area 86 is read according to step 122. Subsequently, operation proceeds 

10 with steps 124 - 134 in a manner similar to that of steps 108 - 1 18 with the 
exception that the cellular memory area 86 is utilized instead of the cordless 
memory area 84. In one embodiment of the present invention, the described 
volume control method continues (i.e., a "communication session"" lasts) 
throughout a period during which the multi-system radio telephone 10 is ready and 

1 S able to send or receive radio signals to or from a particular radio communication 
system. Other embodiments are also contemplated which include system handofls 
during telephone calls, in which case the disclosed method is repeated from the 
beginning to read another memory area for setting the audio output to a potentially 
different volume level. 

20 While the embodiments of the present invention which have been disclosed 

herein are the preferred forms, other embodiments of the present invention will 
suggest themselves to persons skilled in the art in view of this disclosure. 
Therefore, it will be understood that variations and modifications can be eflfeaed 
within the spirit and scope of the invention and that the scope of the present 

25 invention should only be limited by tlie claims below. Furtliermore, the equivalents 
of all means-or-step-plus-function elements in the claims below are intended to 
include any structure, material, or acts for performing the function as specifically 
claimed and as would be understood as substitutes by persons skilled in the art. 
We claim: 
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CLAIMS 

I . A nt^hod of controlling volume levels of audio output of a radio tdq)honc 
operable in first and second radio communication systems, said method 
5 comprising the steps of: 

storing m a first memory area-a representation of a default volume 
level for communication in the first radio communication 
system; 

storing in a second memory area a representation of a default 
I Q volume level for communication in the second radio 

communication system; 
determining which radio communication system of the first and 
second radio communication systems is associated with a 
current conmiuntcation session; 
1 5 in response to determining that the first radio communication 

system is associated with the current communication 
session, 

reading fi-om the first memory area the stored 

representation of the default volume level for 
20 conrmiunication in the first radio 

conmiunication system, and 
setting the audio output of the radio telephone to the 
debult vohime levd for conununicatkm in 
the fn^ radio communication system; and 
25 in response to determining that the secc adio communication 

system corresponds to tlie curre ;x>mmunication session, 
reading fi^om the second memory area the stored 

representation of the default volume level for 
communication in the second radio 
ifj communication system, and 
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setting the audio output of the radio telephone to the 
default volume level for communication in 
the second radio communication system. 

5 2. The method of claim I , further comprising steps of 

monitoring a user volume modification indicator for a user volume 
modification indication during the current communication 
session; and 

changing the volume level of the audio output of the radio 
10 telephone to a new volume level in response to detecting a 

user volume modification indication. 

3. The method of claim 2, wherein the user volume modification indicator 
includes at least one button switch. 

IS 

4. The method of claim 2, further comprising the step of displaying a visual 
indication of the new volume level in response to detecting a user volume 
modification indication. 

20 S. The method of daim 2, further comprising steps of 

in response to determining that the first radio communication 

. system is associated with the current communication session 
and detecting a user volume modification indication, storing 
a representation of the new volume level in the first memory 
25 area in place of the default volume level for communication 

in the first radio communication system; and 
in response to determining that the second radio communication 

system is associated with the current communication session 
and detecting a user volume modification indication, storing 
30 a representation of the new volume level in the second 
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memory area in place of the default volume Icvd for 
communication in the second radio communication system. 



6. A radio telephone volume control apparatus for controlling audio output 
S volume levels of a radio telephone operable in first and second radio 

communication systems, said radio ielcplione volume control apparatus 
comprising: 

first memory means for storing a representation of a volume level 
for communication in the first radio communication system; 
1 0 second memory means for storing a representation of a volume 

level for communication in the second radio communication 
system; 

means for writing to said first memory means a representation of a 
default volume level for communication in the first radio 
1 5 communication system and for writii^ to said second 

memory means a representation of a defauh volume level 
for communication in the second radio commuirication 
system; 

means for determining vAich radio communication system of the 
20 first and second radio communication systems is associated 

with a current communication session; 
means, in response to determining that the first radio 

communication system is associated with the current 
communicatton session, 
25 for reacfing from the first memory area the stored 

representation of the default vokime level for 
communication in the first radio 
communication system, and 
for siting the audio output volume level of the 
3Q radio telephone to the default volume level 
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for communication in the first radio 
communication system; and 
means, in response to determining that the second radio 

communication system is associated with the current 
S communication session, 

for reading from the second memory area the stored 
representation of tite defauh volume level for 
communication in the second radio 
communication system, and 
10 for setting the audio output volume level of the 

radio telephone to the default volume level 
for communication in the second radio 
communication system. 

I S 7. The apparatus of claim 6, further comprising 

indicator means for receiving volume modification user input and 
for responsivdy generating a user volume modification 
indication; 

means for monitoring said indicator means for a user vohjme 
20 modification indication during the current communication 

session; and 

means for changing the audio output volume level of the radio 

tdephone to a new vohime levd in response to detecting a 
user volume modification indication. 



8. 



The apparatus of claim 7, wherein said indicator means includes at least 
one button switch. 
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9. The apparatus of claim 7, further comprising means Tor displaying a visual 
indication of the new volume level in response to detecting a user vohmie 
modification indication. 

5 10. The apparatus of claim 7, further comprising 

means for, in response to determining that the first radio 

communication system is associated with the current 
communication session and detecting a user vohime 
modification indication, writing a representation of the new 

10 volume level in said first memory means in place of the 

default volume level for communication in the first radio 
communication system; and 
means for, in response to determining that the second radio 
communication system is associated with the current 

1 5 communication session and detecting a user volume 

modification indication, writing a representation of the new 
vohime level in said second memory means in place of the 
default volume level for communication in the second radio 
communication system. 

20 
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